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Introducttan- s°ot S^^unwJltes' 

affect the durability and ptrfotmanM of prop^n^steTO, m_ nd>1 {or dcve i op ing computational 
and particulate emissions from wmbusuonproces . ^ ^ Evolved an experimental study of the 

combustion. Motivated by these observations, ^ Peking an improved understanding 

structure and soot properties of The present study extends earlier 

of soot formation (growth and ke TOints rn and soot formation in acetylene/air laminar 

^S"pi”mpSn^rf^ in hJdLarbon/aix laminar jet diffusion flames for 

fuels other than acetylene. 

Past studies of soot formation 

these summaries indicated that present understanding i nrn inar jet diffusion flames at 

S, SSmd e. d. [2] carried out , S&* system. acetylene is 
i OS nrm_ errmhasizing soot nucieanon anu p « itmudk wm successfully 



ta±aasia^.?g'rs:fBiai 

SiSrJEf. l is:sSsssssr^s.r»» 

In view of this status h ab ? ut ** 

j^dWus^ ^esTprassures of 025-1.00 am... considenng ethane. ethy ene. 
propane, propylene, burane and 1. 3-buudrene bumtng - • ^ „ „„ 

p-~rimen.nl Methods. Two test 3 mm fuel port in a 300 mm 

the order of 1 ppm for the various fuels: a low p - « e r ni which was used to study heavily- 

<^;SBS2sse8^*«=ja 

Inslmenuiion used in the s^J^ 1 wS°fo^d^ 

Sssfs rxisassaM^'-— 

by sampling and gas chromatography. 
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Dro pa„S5S 

ESTE , S?i^S^SS*El , i^;K£3 

Addition to acetylene; and soot growth persists outside the acetylene-containing region so 
that soot growth reactions in addition to acetylene, must be present 

^as»JsjBS as» =^ SgS5£5S?g2 

the concentrations of potential soot forming y ^ . • D i ottcd as a function of acetylene 

eff” rofsSS.«us P ^t «idS or for growth by?h= direct reaction of hydrocarbons other than 
acetylene. 

The results illustrated in Fig,2 suggest t c *p^ri fS« 
flames and for new soot withm premixed fla^ C JPff^l^hiited to uncertainties of the reactive 
discussed in Ref. [2], with <^erences between i th , *jie present hydrocarbon/air flames 

surface area for the premixed flames. In cont Pf ’ t ^° nrese nce of soot growth channels other than the 

«ed by* the Observation of signified rare, of soot growth in 

regions where acetylene was absent. 

In order to resolve effecu of parallel 

for effects of both growth by acetylene and e ffi c i cncy of 0 53%. Soot oxidation was 

correction was based on [2], assuming an and Strickland- 

evaluated similar to [2]: allowing for oxidauon by^singthe rate P for oxidatio ^ by c02 and H 2 0 

Constable [10], as later confinnjxl by Part ]\ 3 ] ^Tradley et al. [14]; while ignoring 

following either Johnstone et al. [12] andU^ and B^ake^ ^ nccn ^ ti y ns of OH should be small in 

to th y e 

“h^K b ^‘ t^use etiiylene provides . more plausible soo, growd, 
mechanism. 

The resulting correlation between '“^vtag” SuSSSSSS hi 

Due to current uncertainties about soot oxidauo results do not exhibit any consistent trend 

excess of 60% of the growth r«e have te» wcludrf; eventration yields a very 

with fuel type and temperature. ^ ss ^ nu JS f ^^ 0 ?^ illustrated on the plot. Nevertheless, the 

dcs of ^ ordcr wi,h resp “' ,0 

ethylene are rather large. 

The nucleation of primary soot ^f^eMene^land 1 ^!^^^^^! 

was found that nucleation generally was ^^ ^S^fS^ flames. This impUes a first-order 

S^r^ne^rt3e g ri^=^^ — Re - 4: 
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Wfr tsar rf/TfttfllTfilfi 


eood agreement between present results and those of Sunderland et al. [2] clearly is evident, yielding an 
Ltivation energy of roughly 32 kcal/gmol. In addition, the results from this laboratory are roughly an 
order of magnitude smaller than earlier estimates by Leung et al. [18] which also are shown on the plot; 
this discrepancy is attributed to uncertainties in the optical methods used to estimate soot surface areas 
by Leung etaL [18]. 

Attributing soot nucleation to acetylene alone clearly is a massive simplification of a complex 
process involving large molecules, eventually growing to visible primary soot particles. Nevertheless, 
acetylene offers a plausible surrogate for these complex gas mixtures because the large molecular weight 
species can be expressed terms of acetylene through equilibrium constants, while acetylene is a major 
growth species as the large molecules evolve toward soot 

Nomenclature. Til « molar concentration of i, do*mean primary soot particle diameter, f=mixture 
fraction K=soot volume fraction, k^soot nucleation rate constant, np=number of primary soot particles 
T-Serature. »«treamwi* velocity, v^soo. growth velocity, w^soot growth rate, 

Xi=mole fraction of species i, z=streamwise distance. 
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